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ABSTRACT 



The strength of the signal or carrier in one or more transfer 
channels near the receiving channel of a radio device oper- 
ating in a radio telephone system is measured, for example, 
with a MAHO measurement. The measurement result is 
used to calculate the disturbance caused by the transfer 
channel to the receiving channel, and, based on the acquired 
result, the frequency response of a filter included by the 
receiver is adjusted, for example, by changing the width or 
slope of the passband. 
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METHOD AND CIRCUIT FOR FILTERING clearly overlap, increasing the probability of disturbances 

DISTURBANCES IN A RADIO RECEIVER appearing in the receiver channel. When a narrow passband 

filter is used, the effect of the signal in the adjacent transfer 

BACKGROUND OF THE INVENTION channel on the signal being received is very small, decreas- 

__. . , . , . . - - ti . s ing the disturbance level of the signal being received and 

Hie invention relates to a method and circuit for filtering no * iceably Roving the bit error Tatio (BER). 

disturbances in a radio receiver used m a radio telephone ^ ^ fof fnsMa ^ information 

system, m which system the transfer of ^formation between between a base sMSon ^ a radio device ma * ^ switched 

a radio device and a base station takes place via a transfer frequently during the transfer, depending, for instance, on 

channel assigned by a base station belonging to the radio me quality of the transfer channel. The definition of the 

telephone system, and in which system a measurement made quality of the transfer channel is usually based on a mea- 

in the receiver of the radio device may be used to determine surement made by the radio device, the result of which is 

the signal levels in the transfer channels assigned by the base sent to the base station for analysis. The radio device most 

station. suitably makes the measurement under control of the base 

The transfer channels used in a radio telephone system are station. The object of the measurement may be the receiving 

usually arranged so that the medium frequencies of adjacent 15 channel being used in the information transfer or some other 

transfer channels are at a standard distance from each other. transfer channel of the radio telephone system, such as a 

The number of transfer channels depends on the total width transfer channel being used by another base station. The 

of the frequency range reserved for the radio telephone J>ase determines ;the quality of the receiving channel 

system and the bandwidth of the transfer channels. A radio nn based 00 me result of me an * lvsis of * e measurement. The 

telephone system is designed to have as many transfer 20 T^kTL ^ ""^ ^^°ftos^or lhc 

. r , J i_i t- t_ • j * strength of the earner frequency. To determine the quality, 

channels as possible^ For this reason when using radio me ^ station ^ tQe m 4 easur J mcnt result t0 calcu ? ate & 

devices of the pnor art, it is possible that information being signal/noisc ratio of the channel> for example> which can 

transferred on transfer channels close to each other may mcn ^ t0 a predefined reference value. If the 

disturb each other. The disturbances may even cause calls to ^ signai/noise ratio is lower than the reference value, the base 

be disconnected. station will attempt to switch the call to a transfer channel 

Disturbances can be eliminated by limiting the number of with a higher signal/noise ratio, 

transfer channels used by one base station, so that base The base station can also use the measurement result to 

stations located near to each other do not use the same or determine the quality of the receiving channel by calculating 

adjacent transfer channels. The disadvantage of this arrange- 30 or having the radio telephone calculate the bit error ratio 

ment is that base stations can only use a portion of the whole (BER) of the transfer channel, and then decide whether it is 

system's information transferring capacity. necessary to switch channels. Other nearby base stations can 

Disturbances can also be eliminated by using a steeply also determine the quality of the connection, 

sloped filter in the receiver of the radio device, that is, a filter In a time-division multiple access (TDMA) based system 

whose attenuation increases sharply outside its passband 35 me , time when above measurements are performed, is 

frequency range. A steeply sloped filter causes signal dis- a measuring time period. Several measuring time 

tortion because, for instance, its phase response is not periods may exist during one frame. Dimng these measuring 

„„;f>™ iu„„„un ti t u„ n ,„ knn j n JL„ rw t/n, 0 time periods the base station can order the mobile phone 

uniform throughout the passband range^Due to the changing £ (Received Signal Strength Indicator) of 

phase response, a delay * formed between signal compo- ^ ^ ^measurements 

nentswi^ di&rent frequencies, causmg mter^ymbol inter- 40 are m making lhe dccisioa to channels-TTie 

ference (ISO between the characters being transferred along RSSI measurement can be made during the idle period 

the transfer channel. A steeply sloped filter would not be ^le) after the RX time period, before tbebeginning of the 

needed in disturbance-free conditions, making the error jx time period. The result of the measurement is not 

caused by the steeply sloped filter unnecessarily large. A necessarily reliable, because a strong signal near the channel 

filter with an essentially uniform passband that matches the 45 being measured may distort the measurement results, in 

passband of the steeply sloped filter could be located at the wnicn case ^ base ^ iion ^ make m mcor rect decision 

output of the steeply sloped filter, correcting the phase concerning the quality of the receiver channel 

response. Implementation of a filter that corrects phase na 2 shows a sim le structure of a frame of a radio 

response m a digital signal processing unit would require fcl hone tem based on tiroe<livided channeling . The 

extensive calculating capacity and is aifficult to realize. 50 frame is made up of al leasl one reception time period RX 

Furthermore, phase response may vary from filter to filter and at least one transmission time period TX. The frame can 

and changes with variations in temperature. also obtain one or more measurement time periods Ml. The 

The dotted line plotted in the amplitude/frequency coor- frames are repeated regularly during the connection. During 

dinates in FIG. 1 depicts the simplified frequency response me reC eiver time period RX the radio telephone receives a 

of a filter whose passband width corresponds to the band- 55 signal from a base station. Correspondingly, during the 

width of a transfer channel. This filter is later referred to as transmitter time period TX the radio telephone sends a signal 

a wide passband filter. The solid fine in the same figure t0 mc base station. The radio telephone can use the mea- 

depicts the frequency response of a filter whose passband surement time period Ml to measure the signal strength of 

width is narrower than the bandwidth of the transfer channel. different channels, for example. The measurement is con- 

This filter is later referred to as a narrow passband filter. 60 trolled by the base station. For example, the MAHO (Mobile 

Additionally, the gray areas in FIG. 1 simply depict the Hand Off) measurement specified in the USDMR 

ojstribution of three adjacent transfer channels ch(n-l), system functions m this manner. The measurement is apphed 

ch(n), ch(n+l). From FIG. 1 it can be seen how great an in me North American DAMPS network, 
influence the frequency response of the filter has on bow 

strongly a signal in an adjacent channel effects the signal in 65 SUMMARY OF THE INVENTION 

the receiver channel. The frequency bands of the wide The object of the present invention is to eliminate the 

passband filter and the signal in the adjacent transfer channel faults presented above that are related to the disturbances 
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caused by channels adjacent to the receiver channel when described in the present invention when the strength of the 

using a gradually sloped filter and to the phase distortion signal is measured. The embodiment implements step-like 

caused by a steeply sloped filter. An additional object of the adjustment of the filter's bandwidth, so that three different 

present invention is to create a radio telephone system in bandwidth set values are available: 

which the information transferring capacity of the system is 5 the first set value Wl, corresponding to a filter with the 

exploited as efficiently as possible. Yet another object of the narrowest bandwidth of the bandwidths used in this 

present invention is to improve the reliability of the mca- embodiment, 

surements used to determine the quality of the transfer the second set value W2, corresponding to the normal 

channels in the prior art. For achieving these objects, the bandwidth of this embodiment and 

invention provides for the adjustment of the frequency 10 the third set value W3, corresponding to a filter with the 

response of a filter in a received channel by use of a widest bandwidth of the bandwidths used in this embodi- 

measuxement of a signal level of an information transfer ment. 

channel near the receive channel. bandwidth of the filter is set to the second set value 

The present invention is based on the concept of setting W2 when operation begins, 

the receiver to the transfer channel being measured, most 15 Additionally, the average value of two different bit error 

suitably the transfer channel adjacent to the receiver ratios is calculated in this embodiment: 

channel, during a suitable time period and measuring the thc ^ average value of me 5it cm)r ratio B£R1 rcfefS to 

strength of the signal or carrier of the transfer channel being mc average value of the bit error ratio of the receiver when 

measured. A digital signal processing unit in the receiver the bandwidth of me filter is ^ to me first ^ value W1 and 

then uses the measurement to calculate the disturbance 20 t ^^ nd ty ^ to{ ^ biicmrr ^ B ^ nfm 

caused by the measured transfer channel to the receiver to the average value of the bit error ratio of the receiver when 

channel and, based on the calculation adjusts the frequency ^ bandwidth of me filter ^ Mt to the M valuc ^ 

response of one of the receiver niters by changing the width 4 . t - A . - . 

or slope of the passband, for example * lts \ m ^h^u^TJ^ 1 ° f ^ 'TT 8 

r r „ channel signal RSSI(Tch) and the average strength of a 

The adjustment is most advantageously done in a digital nearby> most suilably adjaceat> channel signal RSSI 

base frequency filter that is part of a digital signal processing ^ ch) are calculated. Previously calculated average values, 

unit, whereupon the adjustment is made by modifying the which have bccn stored in memory, and the newest mea- 

factors of the filtration equation of the digital filter. surement results are taken into account in the calculation. In 

In one advantageous embodiment the measurement is ^ practical applications the strength of the signal in the adja- 

made with existing instruments that are used in the MAHO cent transfer channel can be measured noticeably less fre- 

measurement, for example. In such a case it is most advan- quently than the strength of the signal in the receiver 

tageous to make the measurement just before measurement channel. In block 2 the adjustable filter's bandwidth set 

time period Ml or immediately thereafter. value is analyzed. If the bandwidth of the adjustable filter is 

« set to the first set value Wl, the first average value of the bit 

BRIEF DESCRIPTION OF THE DRAWINGS error ratio BER1 is calculated, as in block 3. If the band- 

The present invention is described in detail below using ^ ^ the filter is set to a set value other than the first set 

application examples, with references to the enclosed draw- ^alue Wl, the second average value of the bit error ratio 

^ K BER2 is calculated in block 4. 

RG. 1 shows on amplitude/frequency coordinates the « . Ne *j!* f 

effect of a wide and a narrow bandwidth filter of the prior art S1 *™ X RSS W ch ) * TEcct,^^ 

on the attenuation of a disturbance caused by a signal in an receiv | f r # channc li l RSSI <Tch) (block 5). If the differ- 

adjacent channel ence Detween me average strength of the adjacent transfer 

_ _ „ . ' . . , , , , channel RSSI(Nch) and the average strength of the receiver 

HG. 2 shows a timing chart of a frame of the pnor art 45 channel RSS I(Tch) is greater than preset threshold value A, 

based on a Ume-di vision mulUple access method, me bandwidth of the filter is set to the first set value Wl 

FIG. 3 shows a flow chart of the operating principle of an (block 6). Threshold value A depends on the structure of the 

preferred embodiment of the method described in the filter and is determined by experimentation. Threshold value 

present invention, A may be fixed or it may be modifiable during operation, 

FIG. 4 shows a block diagram of an embodiment of the so based on a calculated bit error ratio BER1, BER2, for 

method according to the invention in a digital base fre- example 

quency filter, If the difference between the average strength of the 

FIG. 5 shows a block diagram of an embodiment of the adjacent transfer channel RSSI(Nch) and the average 

method according to the invention in an analog base fre- strength of the receiving channel RSSI(Tch) is less than or 

quency filter, 55 equal to threshold value A, the bandwidth of the filter is set 

FIG. 6 shows a block diagram of an embodiment of the * me ^ ^ ™ Wock ? arid the second average 

method according to the invention in an intermediate fre- blt error raUo BER2 « calculated. After this, the average 

quency filter and strength of the receiving channel RSSI(Tch) is analyzed to 

cto tu uiij- r .r.L determine if it is greater than second threshold value B 

F1G^7 shows a block diagram of an embodiment of the ^ g) , f ^ * fa f m ^ 

method accordmg to the .nvent.on m an mtermedtate fre- ^(t^ fe ttr uan mreshold va ^ e B , he 

quency filter u which an ind,cator U also realized after the buidwidlh ' of ^ ^ . ^ ^ ^ ^ 

lower mtermediate frequency filter. . , . 0 « # . c . . t 

M J block 9. If the average strength of the receiving channel 

DETAILED DESCRIPTION RSSI(Tch) is less than or equal to threshold value B, the 

65 bandwidth is not changed. 

FIG. 3 employs a simplified flow chart to depict the Finally, in block 10, the average value of the first and 

operation of an advantageous embodiment of the method second bit error ratio BER1, BER2 is compared. If the 
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average value of the second bit error ratio BER2 seems to be Correspondingly, as the control voltage rises above the 

less than the average value of the first bit error ratio BER1, switching voltage of analog switch SW1, analog switch 

the bandwidth of the filter is set to the second set value W2 SW1 connects second filter capacitor to the filter circuit, 

(block 11) There may be several switchable capacitors. The adjustment 

It is advantageous to calculate the first average value s can ako * i*pl«?«ted by using switched capacitor com- 

BER1 and the *cond average value BER2 of the bit error P°n«ts (SQ. which are controlled by an external clock 

, ... .r\. ii.j. signal. In such a case it is advantageous to perform the 

ratio as described above, but they can also be calculated at J iustmGQi b m the f^^^f me clodc signal, 
some other time. It * essential that they are calculated before ^ method ^ ^ ^ ^ &]so be 

the comparison is made m block 10. advantageously applied by defining the signal level RSSI 

The method described in the present invention can also be u (Teh), RSSI(Nch) from the intermediate frequency filter 27 

applied according to the flow chart in FIG. 3 by measuring signal, as shown in the diagram in FIG. 6. The intermediate 

the strength of the carrier instead of the strength of the frequency signal i IF at the output of the intermediate fre- 

signal. quency filter is input to the AD converter ADC for sampling 

The method described in the present invention can also be and conversion into digital form. The converted signal 

applied by using only two bandwidth set values, whereupon RXDATA is input from AD converter 26 to digital signal 

the procedure is according to blocks 1-6 of the flow chart in processor unit 23, which uses the converted signal to create 

pj G 3 control voltage U^for adjusting the intermediate frequency 

¥ " " . . - - - - , . filter. The adjustment can also be advantageously imple- 

It must also be noted that the procedure according to the mented ^ a ^citive diodef for example. Tne capaci- 

method described in the present invention is not limited to ^ Unce of me capac iiive diode changes as the control voltage 

one performance, but in practical applications the procedure changes, correspondingly changing the frequency response 

is repeated at suitable intervals, such as after each measure- 0 f the intermediate frequency filter, 
ment associated with the method. nt block diagram in FIG. 7 shows another application of 

The block diagram in FIG. 4 shows a receiver of the prior the method according to the invention, in which the signal 
art, in which the present invention can be applied. The 25 level RSSI(Tch), RSSI(Nch) is determined from the second 
receiver can be an ordinary receiver, it can include one or intermediate frequency filter 29 signal. This application 
more intermediate frequency stages, or it can be a direct differs from the one shown in FIG. 6 in that this application 
conversion receiver. The passband width of high frequency uses two intermediate frequencies (f^., l IF £. The second 
stage 21 and intermediate frequency stage 22 of the receiver filtered intermediate frequency signal i m is input from the 
is fixed. The adjustment described in the present invention is 30 output of the second intermediate frequency filter to AD 
created in the digital base frequency filter of digital signal converter ADC for sampling and conversion into digital 
processing unit 23 (DSP). During the measurement, digital form - ^ converted signal RXDATA is input from AD 
signal processing unit 23 sets the receiver to the frequency converter 26 to digital signal processor unit 23, which uses 
of the transfer channel being measured by modifying the ^ converted signal to create control voltage U /F for adjust- 
fxequency i LQ1 of the first local oscillator. Base frequency 35 m S lbe second intermediate frequency filter 29. 
signal f BBJ formed from the measured signal, is output by I Q ratno devices that apply the method according to the 
second mixer 24, and is input via analog base frequency invention, the measurement forming the basis for adjusting 
filter 25 to AD converter 26 (ADC). The passband width of me frequency response of the filter belonging to the receiver 
analog base frequency filter 25 is also fixed. The base is most suitably made between receiver time period RX and 
frequency signal is sampled and converted into digital form 40 transmitter time period TX, possibly during measurement 
in AD converter 26, whereupon the converted signal time period Ml. In some applications the most advantageous 
RXDATA can be input to digital signal processing unit 23 moment for measurement is just before or immediately after 
for analysis and processing. Digital signal processing unit 23 receiver time period RX, when measuring the strength of the 
calculates the strength of the measured transfer channel signal in the transfer channel adjacent to the receiver chan- 
signal RSSI(Tch), RSSI(Nch) based on samples taken from 45 nel. This will minimize the time required for the frequency 
the converted signal RXDATA and compares the result of of me loca l oscillator i LOX to reach equilibrium, because the 
the calculation to at least one previously stored reference required frequency change is as small as possible, 
value A, B. As a result of the comparison, digital signal The method according to the invention offers noticeable 
processing unit 23 creates new filtration factors for the improvements compared to methods of the prior art. By 
digital base frequency filter for the duration of the present or 50 changing the frequency response of the receiver filter 
next receiver time periods RX. Digital signal processing unit according to the present invention, the reliability of mea- 
23 is most advantageously implemented with a digital signal surements made by radio devices will also improve in radio 
processor, but ASIC components and conventional micro- telephone networks that have a relatively narrow frequency 
controllers can also be used. A program code that controls range reserved for use by transfer channels. Furthermore, the 
the functioning of the radio device is preprogrammed into 55 receiver of the radio device will also function better during 
digital signal processing unit 23. The program code also normal reception in a network with disturbances, compared 
contains functions needed to implement the method to the receivers of radio devices of the prior art. By using 
described in the present invention. FIG. 5 shows a different radio devices that apply the method described in the present 
embodiment of the application shown in FIG. 4. Operation invention, the information transferring capacity of radio 
is the same for the main part as in the application shown in 60 telephone systems can be increased, because more channels 
FIG. 4. The main difference is that the object of the can be made available to base stations located near to each 
adjustment is analog base frequency filter 25, which is other than is possible when radio devices of the prior art are 
composed of analog components. To adjust the frequency used. This will improve the usability of the radio telephone 
response of analog base frequency filter 25, digital signal system and lower the user-specific costs of the radio tele- 
processing unit 23 modifies control voltage U BB . When 65 phone system. 

control voltage V BB is low, analog switch SW1 is open, and It is clear that the invention can also be applied by using 

only filter capacitor C Fl is in the filter circuit. a combination of several of the methods described above. 
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For example, the adjustment can be made in both interme- 
diate frequency filter 27 and base frequency filter 25. The 
adjustment can also be realized by having the change in the 
frequency response of the adjustable filter affect both the 
bandwidth and the slope. s 

In theory, the invention could also be applied to adjust the 
bandwidth or slope of a high frequency filter based on 
measurement results. However, it is extremely difficult to 
realize a filter with a sufficiently narrow bandwidth and steep 
slope in a high frequency unit with prior technology. 10 

With prior technology, the present invention is most 
advantageously applied in systems based on time-division 
multiple access, but it can also be used in systems based on 
frequency-divided multiple application, whereupon it is 
most > advantageous to make the measurement from the 15 
strength of the transfer channel signal used to transfer 
information and make the necessary corrections experimen- 
tally. 

In principle, the present invention can also be applied in 
code-division systems, but it would not be very easy to 20 
realize this with prior technology, because the transfer 
channel used to transfer information changes very quickly 
during the connection due to frequency hopping, whereupon 
the calculations needed for adjustments would require a very 
powerful digital signal processing unit and very short set- 25 
tling times for synthesizers and hardware in general. 

Hie method according to the invention can also be applied 
in the receiver of a radio device in a base station, where the 
frequency response of the filter in the receiver can advan- ^ 
tagcously be adjusted by measuring the signal level of a 
transfer channel near the receiver channel and using the 
measurement result to create the control that adjusts the 
frequency response of the filter. The above steps can most 
suitably be performed with a digital signal processing unit or 35 
similar unit belonging to the receiver of the radio device in 
the base station. 

We claim: 

1. A method for filtering disturbances in the receiver of a 
radio device in a radiotelephone system, the system trans- ^ 
ferring information between the radio device and a base 
station via a receiving channel assigned by the base station, 
wherein signal levels in transfer channels assigned by the 
base station are determined in a receiver of the radio device 
with a measurement, the method comprising steps of: ^ 

providing a receiver of the radio device with an adjustable 
filter; 

measuring a signal strength in a receiving channel of the 
receiver and a signal strength in at least one neighbor- 
ing transfer channel having a passband near a passband 50 
of the receiving channel; 

adjusting a passband characteristic of the adjustable filter 
in response to a comparison between a difference of the 
channel signal strengths and a threshold; 

determining the bit error rate (BER) for at least some of 55 
respective passband characteristics of the adjustable 
filter obtained in the adjusting step; and 

selecting a passband characteristic for the adjustable filter 
based on measurement of relative signal strength under 
the condition wherein the difference between signal 60 
strengths is less than the threshold, and additionally 
based on values of the BER under the condition 
wherein the difference between signal strengths is 
greater than the threshold. 

2. A method according to claim 1, wherein, in the mea- 65 
suring step, the one transfer channel is adjacent to the 
receiving channel. 
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3. The method according to claim 1, wherein, in the 
measuring step, there is a determining of the strength of a 
receive signal. 

4. The method according to claim 1, wherein, in the 
measuring step there is a determining of the strength of a 
carrier. 

5. A method according to claim 1, further comprising a 
forming of the control, the forming of the control comprising 
the steps of: 

calculating the average value of the signal level of the 

receiving channel (RSSI (Tch)); 
calculating the average value of the signal level of a 

transfer channel in (RSSI (Nch)) near to the receiving 

channel; 

obtaining the difference between the average value of a 
signal level of the channel near to the receiving channel 
(RSSI (Tch)) and the average value of the signal level 
of the receiving channel (RSSI (Tch)); 

determining if the difference is greater than a predefined 
first threshold value (A); setting the bandwidth of the 
adjustable filter to a first set value (Wl); and 

if the difference between the average value of the signal 
level of the channel near to the receiving channel (RSSI 
(Nch)) and the average value of the signal level of the 
receiving channel (RSSI (Tch)) is less than or equal to 
the predefined first threshold value (A), setting the 
bandwidth of the adjustable filter to a second set value 
(W2). 

6. A method according to claim 5, wherein said forming 
of the control additionally comprises the steps of: 

if the bandwidth of the adjustable filter equals the first set 
value (Wl), calculating a first average bit error ratio 
(BER1); 

if the bandwidth of the adjustable filter equals the second 
set value (W2), calculating the second average bit error 
ratio (BER2) and 

if the second average bit error ratio (BER2) is less than the 
first bit error ratio (BER1), setting the bandwidth of the 
adjustable filter to the second set value (W2). 

7. A method according to claim 1, wherein the filter is an 
analog filter, the method further comprising a step of adjust- 
ing the frequency response of the analog filter by changing 
a capacitance of the filter. 

8. A method according to claim 1, wherein, in said 
adjusting step, the filter is adjusted in accordance with a 
characteristic of a base frequency filter or an intermediate 
frequency filter. - -. - ■ 

9. The method according to claim 1, wherein, in said step 
of using measurement results of signal levels of at least one 
transfer channel, the step is based on a characterization of 
the radiotelephone system as being based on a time division 
multiple access (ITDMA) system. 

10. The method according to claim 9, wherein, in said 
measuring step, the measurement is made between receiving 
(RX) and transmitting (TX) time periods. 

11. The method according to Claim 10, wherein, in said 
measuring stem, the measurement is made during a mea- 
surement time period (Ml). 

12. A circuit for filtering disturbances in the receiver of a 
radio device in a radio telephone system, wherein informa- 
tion is to be transferred between a radio device and a base 
station via a receiver channel assigned by the base station, 
and wherein signal levels in transfer channels assigned by 
the base station are to be determined in the receiver of the 
radio device, the circuit comprising: 

an adjustable filter having an adjustable frequency 
response, the radio device including means for adjust- 
ing the frequency response of the adjustable filter, and 
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means for forming a control of the adjustable filter; 
wherein said control-forming means is operative in accor- 
dance with a procedure comprising steps of: 
measuring a signal strength in a receiving channel of 
the receiver and a signal strength in at least one 
neighboring transfer channel having a passband near 
a passband of the receiving channel; 
adjusting a passband characteristic of the adjustable 
filter in response to a comparison between a differ- 
ence of the channel signal strengths and a threshold; 
determining the bit error rate (BER) for at least some of 
respective passband characteristics of the adjustable 
filter obtained in the adjusting step; and 
selecting a passband characteristic for the adjustable 
filter based on measurement of relative signal 
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strength under the condition wherein the difference 
between signal strengths is less than the threshold, 
and additionally based on values of the BER under 
the condition wherein the difference between signal 
strengths is greater than the threshold establishing 
values of the control based on results of a measure- 
ment of the measuring step. 

13. The circuit according to claim 12, wherein the means 
for forming the control comprise at least in part a digital 
signal processing unit. 

14. The circuit according to claim 12, wherein the adjust- 
able filter is at least in part realized in a digital signal 
processing unit included within the radio device. 
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